INTRODUCTION
Cervical spinal cord injuries are uncommon and heterogeneous in the pediatric population. 1 Although rare, traumatic central cord syndrome (CCS) is one of the most common incomplete spinal cord injury (SCI) syndrome; its epidemiology has not been reported. It is for this reason that we present an unusual case of cervical SCI in a young child after receiving blunt trauma to the cervical area with a plastic (polyvinyl chloride) tube, as a victim of bullying at school. It is our intent to describe this entity and to review the literature of this disease related to blunt trauma/ bullying.
CLINICAL CASE
A 15-year-old, right-handed male patient with past medical history of hypothyroidism, attention deficit hyperactive disorder and major depressive disorder, previously independent, suffered cervical trauma with a plastic tube while being a victim of bullying at school. Although left on the floor alone, the patient was able to stand and walk back to his classroom asymptomatic. After 3 h, the patient developed progressive bilateral numbness on the tip of fingers, with associated upper limb distal muscle weakness (wrists and fingers). Weakness progressed rapidly to the lower limb muscle, which interfered with ambulation. Owing to worsening of symptoms, the patient was taken to an emergency room for evaluation.
On physical examination, the patient was found to be alert, awake and following commands and with stable vital signs. There were no gross signs of external trauma except for pain in the cervical area. Motor strength evaluation showed significant upper extremity weakness with a difference of 11 points in the manual muscle test (MMT) when comparing upper versus lower extremity strength (see Table 1 ). Sensory examination revealed absent soft touch and pin-prick in right C6, C7, C8 and T1 dermatome distribution. Proprioception and vibration evaluation was intact.
Initial imaging of plain radiographs showed no evidence of fracture, dislocation or cervical spine instability, and a head computed tomography without contrast with no acute intracranial pathology. However, a magnetic resonance imaging of cervicothoracic region without contrast was positive for spinal cord contusive changes involving C4-C7, but no evidence of cord hemorrhage. Vertebral body contusive changes involving C2-T1 was also seen (see Figure 1) .
Patient was admitted to PICU for close neurological and cardiorespiratory serial evaluation. Initial management included intravenous hydration and pain medication. No surgical management was recommended by the neurosurgery service. Laboratory workup was essentially normal. After medical stabilization and no deterioration, the patient was transferred to the general pediatric ward. The patient started with daily physical and occupational rehab therapies. In addition, bilateral resting splints for the upper extremities and a right ankle-foot orthosis were prescribed. Throughout the 3 weeks the patient was hospitalized, and the patient showed improvement in functionality and strength, with a total of 23 points improvement in MMT (12 in upper extremities (UEx) and 11 in lower extremities (LEx)) on the day of discharge (see Table 1 ). During the hospital stay there were no bladder dysfunction reported by the patient.
CLINICAL FEATURES AND DIAGNOSIS
Diagnosis of CCS is usually based on the clinical criteria characterized by disproportionately more motor impairment of the upper extremities compared with the lower extremities, with variable involvement of bladder dysfunction and sensory abnormality below the affected level. 2 A difference of at least 10 points in the ASIA (American Spinal Injury Association) MMT should be found when comparing the upper extremities with the lower extremities. 3, 4 Magnetic resonance imaging is the examination of choice for the diagnosis of traumatic CCS, showing intramedullary hypersignal on T2-weighted and STIR (Short TI recovery) sequences consistent with edema, as well as lesions of ligaments and intervertebral discs. 5, 6 Magnetic resonance imaging is also useful for the assessment of hemorrhage and may show the presence of prevertebral hematoma or disruption of posterior ligaments, which may suggest spinal column instability. [7] [8] [9] X-rays may be normal if there is no pre-existing pathology. The underlying congenital narrowing can be assessed with the Pavlov or Torg ratio. 10 This is a ratio of canal size to anterior-to-posterior vertebral body dimension on the lateral X-ray that should be 40. 82. 10 Cervical dynamic X-rays have an important role in the radiographic assessment of the eventually associated discoligamentous instability. 11 Significant radiographic pathologic views may or may not accompany the injury in plain radiographs. The absence of radiographic evidence is more frequent in children younger than 8 years and in those with high injury severity scores. 12 A large multi-institutional series demonstrated that up to 50% of children with symptomatic SCI presented with no radiologic abnormality, suggesting that even the most accurate of imaging modalities will not be able to show what should be apparent on careful physical examination. 13 As discussed previously, differences in the anatomical and biomechanical characteristics of the pediatric cervical spine predispose children to present with a SCI without radiographic abnormality and/or relationship to a hyperextension injury. 14, 15 SCI without radiographic abnormality is specific to children and extremely rare in adults, and occurs in~15-25% of all pediatric cervical spine injuries. PATHOPHYSIOLOGY CCS was first described in 1954, characterized by disproportionately more motor impairment of the upper extremities compared with the lower extremities, with variable involvement of bladder dysfunction and sensory abnormality below the affected level. 2 CCS is classically known to affect older persons with cervical spondylosis and a hyperextension injury, where a spinal cord compression occurs between bony spurs anteriorly and buckling of the ligamentum flavum posteriorly. 2, 16 In general, three main mechanisms have been postulated: (1) young patients sustaining a high speed injury, such as in motor vehicle accidents, diving accident or a fall from height; (2) in older patients (450 years) because of a hyperextension force in an already degenerate spine; (3) low-velocity trauma in a patient with an acute central disc herniation.
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As seen in adults, the most common cause of injury in children is motor vehicle accidents. [22] [23] [24] Some recreational activities such as diving place children at greatest risk for cervical spine injury. 1 Violence, including penetrating trauma, is the third leading cause of SCI in children. 1 Child abuse as a cause of cervical spine injury is rare but may be underreported in the pediatric population. 13 Limited data are available on bullying cases.
Children with a narrow canal, secondary to spinal stenosis or congenital malformation, may be predisposed to spinal cord concussion when the canal is further narrowed in cervical hyperflexion or in hyperextension. 25, 26 Upper cervical spine injuries (C1-4) are almost twice as common as lower cervical injuries (C5-7); a small subset of patients may present with both an upper and lower cervical spine injury. Several differences in the anatomical and biomechanical characteristics of the pediatric cervical spine predispose children to present with a SCI without radiographic abnormality and/or relationship to a hyperextension injury. 14, 15 Differences include the relative cephalocervical disproportion and the ossification status of the spine. The child's head 
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Traumatic CCS after blunt cervical trauma NB Ramírez et al represents~25% of total body mass combined. This in combination with a poorly developed cervical musculature gives a mechanical disadvantage to the pediatric cervical spine. 15 In addition, in children the incompletely ossified synchondrosis through the base of C2 is a point of relative weakness and, therefore, a region prone to disruption from a distracting force. 15 Other anatomic differences are the anteriorly wedged orientation of the vertebral bodies, the horizontal orientation of the facets and the absence of uncinate processes on the vertebral bodies. 15 The net result of these anatomic variations is that children have less skeletal resistance to flexion and rotation forces, with a greater degree of the resistance being shifted to the ligaments. 15 Also, the spinal cord may be compressed by a transient subluxation or distraction. 14, 15 This helps explain why children are less prone to spine fractures and more likely to present with SCI without radiographic abnormality. 15 DISCUSSION SCI in the pediatric population, especially in children younger than 15 years old, is a rare event but may have serious consequences. 27 SCI has been reported to occur in o 1% of those of patients following blunt trauma. 13, 28 Traumatic CCS is the most common incomplete SCI regardless of its mechanism of lesion. 29, 30 Two large retrospective studies in the pediatric trauma databases revealed that the incidence of traumatic CCS ranges between 1.5 and 5%. 13, 31 Diagnosis of SCI in the pediatric population may be challenging. A potential failure of diagnosis is present because of its heterogeneous presentation in this population, especially after minor trauma. 32 In our patient, his past medical history of hypothyroidism, attention deficit hyperactive disorder and major depressive disorder did not predispose him for CCS. Nevertheless, there are literatures that have shown that subjects with attention deficit hyperactive disorder and depression are at an increased risk of being bullied. 33 
RECOVERY
Prognosis of functional recovery is generally better in the pediatric population when compared with adults. The rate of recovery following SCI in the pediatric population is also thought to be faster. More than one-half of these patients experienced spontaneous recovery of motor weakness; however, as time went on, lack of manual dexterity, neuropathic pain, spasticity, bladder dysfunction and imbalance of gait rendered their activities of daily living nearly impossible. 12 Overall prognosis for functional recovery is good.
CONCLUSION
Pediatric SCI remains a relatively rare condition relative to its prevalence in the adult population. Although CCS is the most common incomplete spinal cord syndrome, literature in the pediatric population is very limited. Prognosis of functional recovery is generally better in the pediatric population when compared with adults. Anatomical and biomechanical characteristics of pediatric cervical spines are obviously different relatively to adults. This makes diagnosis of SCI in the pediatric population more challenging.
Accuracy in the diagnosis of CCS is based on the history of trauma to the cervical area and a careful physical examination, where there is disproportionately more motor impairment of the upper extremities compared with the lower extremities of at least 10 points in the ASIA MMT. Imaging studies, mostly magnetic resonance imaging, can assist in the diagnosis showing different pathologies such as spinal cord edema, hemorrhage or cervical vertebral ligament disruption. 31 
